Various studies have shown that smoking, 1 high alcohol consumption, 2 physical inactivity, 3 and obesity or underweight, 4 are associated with increased risk of all-cause mortality. However, only a limited number of studies have examined the combined effects of these factors on mortality. [5] [6] [7] [8] Furthermore, the studies used relatively small number of subjects (<7,000) and small number of cases of death (<800).
To examine how the risk of all-cause mortality increases as people have more of the four high-risk health practices (smoking, high alcohol consumption, physical inactivity indicated by shorter duration of walking, and obesity or underweight), we conducted a population-based prospective cohort study in rural northern Japan, which involved 28,333 subjects and 1,200 cases of death ascertained during 11 years of follow-up.
Study Cohort
We have reported the design of this prospective cohort study in detail elsewhere. 9 Briefly, from June through August 1990, we delivered a self-administered questionnaire on various health habits to 51,921 subjects (25,279 men and 26,642 women) who were 40-64 years of age and lived in 14 municipalities of Miyagi Prefecture in northern Japan. The questionnaires were delivered to and collected from the subjects' residences by members of health promotion committees appointed by the municipal governments. Usable questionnaires were returned from 47,605 subjects (22,836 men and 24,769 women), yielding a response rate of 91.7%.
The study protocol was approved by the institutional review board of Tohoku University Graduate School of Medicine. We considered the return of the self-administered questionnaires signed by the subjects to imply their consent to participate in the study.
Exposure Data
We used information on four health practices (smoking, alcohol consumption, walking, and body mass index) collected by the questionnaire. The accompanying papers described in detail how the questionnaire asked about the four practices. [1] [2] [3] [4] We dichotomized each variable and assigned 1 or 0 point to potentially unhealthy or healthy habits, respectively (Table 1) . We then summed these points and determined the number of high-risk practices for each subject. The total score ranged 0-4 points, with higher scores indicating lifestyles with higher risk.
We determined the cut-off points for dichotomizing the variables based on the observations in the accompanying papers which examined the association between each of the four factors and mortality from all causes.
1-4 Specifically, we considered those categories among each variable that were associated with increased mortality as "unhealthy" (assigning 1 point), and the other categories as "healthy" (assigning 0 point).
Follow-up
Of 47,605 subjects who responded to the questionnaire, we excluded 1,522 subjects who indicated that they had prior histories of cancer (n=561), stroke (n=379), or myocardial infarction (n=582). We also excluded 539 subjects who had prevalent cancer that were ascertained by record linkage to the populationbased cancer registry covering the study area. 10 We further excluded subjects who had incomplete responses for any of the four health practices (n=11,983), and subjects who were past smoker (n=3,342) and past drinker (n=1,386). Consequently, 28,333 subjects (13,987 men and 14,346 women) with 1,200 deaths (805 men and 395 women) were included in this analysis.
We followed up vital and residential status of subjects from June 1, 1990, through March 31, 2001. For this follow-up, we established the Follow-up Committee that was consisted of Miyagi Cancer Society; Community Health Division of all 14 municipalities; Department of Health and Welfare, Miyagi Prefectural Government; and Division of Epidemiology, Tohoku University Graduate School of Medicine. The Committee periodically reviewed the Residential Registration Record of each municipality. With this review, we identified the subjects who either died or emigrated during observation. For both decedents and emigrants, we recorded the date of death or emigration. For decedents, we investigated cause of death by reviewing the death certificates of the subjects at Public Health Centers of the study area. The underlying cause of death was coded according to International Classification of Diseases, the Ninth Revision (ICD-9). We discontinued follow-up of subjects who emigrated from the study municipalities because of logistical limitations.
We counted person-years of follow-up for each subject from June 1, 1990, until the date of death, the date of emigration outside the study districts, or the end of the study period (March 31, 2001), whichever occurred first. A total of 293,521 person-years accrued. There were 1,389 subjects (4.9% of the analysis cohort) who emigrated from the study municipalities and were lost to follow-up.
Statistical Analysis
We used Cox proportional-hazards regression to estimate relative risk (RR) and 95% confidence interval (CI) of all-cause mortality according to the number of high-risk health practices and to adjust for potentially confounding variables, using the PHREG procedure on SAS ® version 8.2 statistical software package (SAS Inc., Cary, NC, USA). We conducted all analyses separately for men and women.
We considered following variables as potential confounders: age in years; education (up to 15 years of age, 16-18, or 19 years or older); marital status (whether or not living with spouse at baseline); past histories of hypertension, renal diseases, liver diseases, diabetes mellitus, peptic ulcers, or tuberculosis; consumption frequencies of green vegetables and oranges (almost daily, 3-4 times per week, 1-2 times per week, or 1-2 times per month or less often).
We estimated how a unit increase in the number of high-risk health practices corresponded to an increase in the years of age of the subjects. 11 Specifically, a regression coefficient for the number of high-risk practices entered as a continuous variable into Cox regression model was divided by a regression coefficient for age entered as a continuous variable into the same model.
We repeated all analyses after excluding 194 subjects (124 men and 70 women) who died during the first three years of follow-up. We also conducted stratified analyses according to the categories of covariates included in the multivariate analyses to examine whether the association between the number of high-risk practices and all-cause mortality was modified by these variables. P values for tests of linear trends were estimated using the number of highrisk practices as a continuous variable. All P values were twotailed. Figure 1 shows the distribution of the number of high-risk health practices by sex. For men, the number approximates normal distribution with the mode of 2 points. For women, it shows skewed Health Practices and Mortality in Japan This population-based prospective cohort study of middle-aged men and women in rural northern Japan examined the combined effects of four health practices (smoking, alcohol consumption, body build, and walking) on mortality from all causes. A larger number of high-risk practices (current smoking, high alcohol consumption, short duration of walking, and underweight or obesity) was associated with linear increase in risk. The subjects with the largest number of high-risk practices (4 for men and 3-4 for women) had four-fold risk of death as compared with the subjects with no such practice, and a unit increase in high-risk practices corresponded to being 2.8 years older for men and 4.8 years older for women. Table 4 summarizes five studies, including this study, examining the effects of combined health practices on all-cause mortality. The studies were conducted in Japan, 6,7 U.S., 5 and Europe. 8 The sample sizes ranged 1,281 through 28,333. The number of health practices examined ranged 3 through 7. All of the five studies included smoking and measures of physical activity (such as walking and exercise), and all but one studies included measures of body builds (BMI or obesity defined in relation to weight relative to height). In contrast, only three studies included duration of sleeping, and only two studies included dietary variables.
The studies used various criteria to dichotomize health practices into high risk and low risk categories. For instance, past smokers were included into high risk category, 5, 6 low risk catego-
distribution with the mode of 1 point. Table 2 compares the characteristics of subjects according to the number of high-risk practices. The men with higher number of high-risk practices tended to be younger, more educated, consume green vegetables and oranges less frequently, and have past histories of hypertension, liver disease, diabetes, and peptic ulcer. The women with higher number of high-risk practices tended to be younger, consume green vegetables and oranges less frequently, be less likely to live with spouse, and have past histories of liver disease and peptic ulcer.
For both men and women, we observed significant, linear increase in age-adjusted risk of all-cause mortality associated with the larger number of high-risk health practices (Table 3) . A unit increase in high-risk practices corresponded to being 2.8 years older for men and 4.8 years for women. These results remained basically unchanged with multivariate adjustment or with the exclusion of death occurring within the first 3 years of follow-up. When the women with 3 or 4 high-risk practices were combined into one group, RRs (95% CIs) of all-cause mortality for this group of women as compared with women with no such practice were 4.34 (2.40-7.85) with adjustment for age only, 4.08 (2.24-7.42) with multivariate adjustment, and 4.36 (2.26-8.40) with multivariate adjustment and with the exclusion of subjects who dies within the first 3 years of follow-up.
In multivariate analyses stratified by the consumption frequency of green vegetables, the increased risk of mortality associated with the higher number of risk factors was observed among subjects who consumed green vegetables less often than daily (P for trend<0.001 for both men and women), while it was not apparent among subjects who consumed green vegetables daily (P for Number of High-risk Health Practices, Women SD: standard deviation ry, 7 or both categories depending on years since quitting, 8 or excluded from analyses (the present study), while current smokers and never smokers were constantly included into high and low risk categories, respectively. Nevertheless, all studies are consistent in showing linear increase in risk of mortality associated with the increasing number of high-risk practices.
Our study has several strengths. First, the study involved the largest number of subjects, the longest duration of follow-up, and the largest number of death, as compared with the previous studies.
5-8 Second, we included only health practices that were significantly associated with all-cause mortality in our subjects, even when they were considered individually. [1] [2] [3] [4] This choice of health practices would make our scoring method readily interpretable. Third, we adjusted for potential confounders as much as possible in the analyses, which included age, socioeconomic status (education and marital status), and baseline health status (past history of diseases).
Our study has potential limitations. First, the assessment of health practices was based on the self-administered questionnaire, which would have lead to misclassification of subjects to some extent with regard to the actual risk status. Second, because this is an observational study rather than an intervention study, the observed higher mortality associated with the larger number of high-risk practices does not directly translate into expected mortality reduction when people decrease the number of high-risk practices. Third, because this study is conducted among middleaged rural Japanese population, the generalizability of our observations to other populations may be limited.
Men
Person Number of High-risk Health Practices : Adjusted for age in years; education (up to 15 years of age, 16-18, or 19 years or older); marital status at baseline (whether or not living with spouse; past history of hypertension, renal diseases, liver diseases, diabetes mellitus, peptic ulcers, or tuberculosis; consumption frequencies of green vegetables and oranges (almost daily, 3-4 times per week, 1-2 times per week, or 1-2 times per month or less often). Multivariate RR2 has been estimated with the exclusion of 194 subjects (124 men and 70 women) who died within the first 3 years of follow-up. Numbers in parentheses are 95% confidence intervals.
